SUMMARY A rare case of spontaneous double ventricular parasystole was studied in depth, together with a critical review of similar cases in the literature. The discussion was focused on 1) the variation of the shortest interectopic interval (SIEI), 2) entrance block and its failure, 3) supernormality as a mechanism of intermittence, and 4) effects of lidocaine and atropine on such an arrhythmia. In double ventricular parasystole a greater than usual variation in the SIEI tended to occur in one of the two parasystolic groups. If, however, such variations were too great in the face of otherwise parasystolic rhythm, presence of intermittence was confirmed.
IN CLINICAL ELECTROCARDIOGRAPHY incidence of double ventricular parasystole is extremely rare, whether it arises from 1) two spontaneous ectopic pacemakers,' or 2) the combination of a spontaneous and an artificial pacemaker,`or 3) the combination of two artificial pacemakers.8"-0 Such rare cases as these provide a unique opportunity to study interactions between the three pacemakers (one sinus) over more than a single parasystole.
Recently, Steffens' demonstrated a case of double ventricular parasystole (one artificial) in which the mechanism of intermittent ventricular parasystole was shown to be due to a temporary failure of the entrance block. Furthermore, he found that the fixed coupling of the first beat of an intermittent series was a consequence of temporary entrance block failure rather than a manifestation of a more complex mechanism.
The purpose of this paper is to report our study of a rare case of spontaneous double ventricular parasystole in which one parasystolic beat was fired coincident with the supernormal phase of conduction of another parasystolic beat, which took on the pattern of intermittence. The latter pattern is most likely due to a temporary loss of the entrance block.
Report of a Case A 63-year-old Japanese male was admitted to the university hospital, his chief complaints being palpitation and dyspnea. Prior to admission he had been treated in the outpatient clinic for diabetes mellitus and hypertension. On admission, among significant findings were cyanosis of the lip, pitting edema of the lower extremities, arrhythmias, and an elevated blood pressure of 190/90 mm Hg. There was no audible murmur or gallop. The lungs were loaded with moist rales. Chest X-ray demonstrated an eccentric cardiomegaly A temporary loss of the entrance block was deemed primarily responsible for the intermittency. That is to say, invasion, discharge, and resetting of one parasystolic focus by another parasystolic impulse during the supernormal phase of the ventricle was considered the cause of an intermittence.
In a strict sense, this is the first report in the literature in which the supernormality was clearly indicated as one mechanism of intermittent ventricular parasystole. The and the lungs presented a butterfly-shaped central density covering both hilar regions. An admission electrocardiogram showed frequent ectopic beats, and an acute myocardial infarction could not be ruled out completely. An intravenous bolus injection of lidocaine 100 mg followed by a continuous i.v. drip (2 mg/min) was administered which was continued overnight reaching a total dose of 2,360 mg as of the next morning. Oxygen inhalation was given via nasal cannula along with administration of diuretics (furosemide). No digitalis was used. Figure 1 represents the admission electrocardiogram in which three types of ventricular complexes were noted. The dominant sinus beat was labeled by R and the ectopic beats by R1 and R2, respectively. On lead V,, RI demonstrated qrR' pattern with a duration of 0.14 sec and R2 demonstrated rSr's' pattern with a duration of 0.13 sec, suggesting that both originated in the left ventricle. The coupling intervals of these ectopic beats to the preceding sinus beats were variable, and there was no association between R1 and R2. When the interectopic intervals, i.e., Rl-R1 and R2-R2 were measured, the former was found to be equal to or 
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16(R3)l7(RK) 20 (R2) 21 (R,) 24 These changes however were of transient nature, and once an intravenous drip infusion of lidocaine was established all the features of the pre-lidocaine stage were restored including reappearance of R2.
As regards the effect of atropine the following changes were observed one and one half minutes after an intravenous injection of 1.0 mg (table 3).
1)
2) 3)
No change in RI-RI intervals No change in R2-R2 intervals A decrease in the appearance of R 1 (from 18 down to 13/min) 4) An increase in the frequency of fusion beats between R and R2.
The reason the number of R 1 has decreased following an administration of atropine can be attributed to an acceleration of sinus rate because this increased the chances that the ectopic RI would fall within the refractory period of the sinus beat. By the same token, an increased sinus rate clearly gave rise to increased appearance of R-R2 fusion beats when the sinus rate approached half the rate of R2. With improvement of congestive heart failure propagation of R2 has subsided in this patient. Another attempt of administering atropine at this juncture yielded essentially the same effect as previously. Ashner's maneuver as well as inhalation of amyl nitrite has also failed to cause specific changes on the rhythm.
Discussion
Although recent experiences with the artificial pacemaker5-1 drew our attention to the problem of multifocal parasystole, a spontaneous occurrence of such arrhythmia has been considered extremely rare. As far as spontaneous double ventricular parasystole goes, only four cases could be found in the literature,2' 3 and very recently, two rhythm strips with features of double ventricular parasystole have been presented by El-Sherif and Samet. ' The case under discussion appears to satisfy the diagnostic criteria for double ventricular parasystole except for one aspect which concerns the variation of the shortest interectopic interval (SIEI) in one of the two coexisting parasystoles.
The Interectopic Interval
It has been generally believed that the SIEIs in parasystole vary only a few hundredth of a second. 3, MARCH 1976 in which the discharging rate of the ectopic focus can often remain surprisingly stable for a prolonged period of timefive months in a case of Scherf and Boyd'" and seven years in a case of Watanabe."1 Since multiple ventricular parasystoles arise most often in heavily drugged hearts with advanced pathology, those factors contributing to the fluctuation of the interectopic interval such as 1) changing discharge' 14, 20 rate, 2) irregular firing of the parasystolic focus,2' 3) varying degrees of exit block and/or exit delay,", 19 22, 23 and 4) conduction delay of the impulse penetrating into the parasystolic focus or a transient depression of the parasystolic focus,24 should be more readily exhibited than in cases of single parasystoles. Furthermore, it is conceivable that coexistence of multiple ectopic foci per se would yield a delicate interectopic interaction which will not only contribute to the fluctuation of the interectopic interval but also might give rise to an intermittency such as the one seen in our case.
Temporary Failure of the Entrance Block and Intermittence
Both entrance block and exit block'2' 25 have long been the prerequisite in explaining parasystoles. The entrance block was postulated to be a complete block in one direction (unidirectional block)22' 26 and the exit block a partial block in the other direction. Validity of this postulation was sufficiently confirmed by deductive analyses of electrocardiograms23 and by basic experiments using the microelectrode technique. 2' 27 At this juncture, however, one is reminded of an opposing concept elaborated by Scherf and associates"7 'I regarding the mechanism of the protection. They refused to use the term "protection block" on the assumption that the phenomenon of protection could be understood without invoking a conduction disturbance in the tissues surrounding the parasystolic focus. We feel, however, that the two major concepts regarding the mechanism of "protection" are in reality two sides of one coin. Those who favor the term protection (Scherf, Schamroth and others)"' 28 put emphasis on the electrophysiological properties (one aspect of the phenomenon), whereas those who favor the term protection block (Katz, Langendorf, Pick and others)'2' 23. 24 view the problem from the wider pathophysiological point of view (the other aspect of the same phenomenon). The experimental data derived from studies at the cellular level28' 27 attested to the validity of both concepts and neither of the two views has disproved the other. In fact, in the light of present knowledge the arguments are now moot.
A finer mechanism of protection has recently been clarified by Cohen, Langendorf, and Pick.2' According to these investigators the parasystolic center is protected from supraventricular and other ventricular ectopic impulses early in its cycle by its own refractoriness, and late in the cycle by diastolic depolarization. Between these two areas of protection a "period of susceptibility" exists during which supraventricular beats can penetrate, discharge, and reset the parasystolic focus. The latter sequence would be named intermittence by the ECG recordings. In their study, when both the early and the late protections were confirmed, the zone of susceptibility was limited to a short time interval of approximately 30 msec early in the diastole. In all the six cases of intermittent parasystole studied by them the reason for intermittence was temporary failures of the entrance block which were effected by the supraventricular beats falling within the "zone of susceptibility".
Steffens' who reported a case of intermittent ventricular parasystole due to entrance block failure has also shown that the reason for failure of the entrance block was a possible preferred penetration27 of parasystolic focus by a sinus capture beat which occurred early in diastole.
In our case figure 3 Scherf and Boyd19 postulated the supernormal phase of atrioventricular conduction to explain a sudden lengthening of the interectopic interval in their case of intermittent atrioventricular junctional parasystole. It should be noted, however, that in our case, both the interrupting R 1 and the disturbed R2 were ventricular ectopic beats. Therefore the temporal relationship of RI to R2 was as clear as it could be, and the effects of supernormal conduction as well as supernormal excitability within the ventricle could be directly taken into account without much postulation. When R 1 occurred at the supernormal phase of R2 conduction in the area of protection block around the R2 focus must have improved momentarily. At the same time, the R2 focus must have been depolarized at its supernormal period during which RI served as a premature beat. Such a depolarization is characterized by a nearly total action potential29' 3,3 with a steep upstroke (phase 0). The membrane potential at this point is closed to the resting level and therefore, the slow diastolic depolarization (phase 4) starts anew without alteration in its slope. Thus, the parasystolic focus was reset at the very moment of depolarization and the parasystolic escape interval was equal, or nearly so, to the parasystolic cycle length.8 Had the interrupting RI been a sinus beat, the concept of supernormality could not have been used as a cause of intermittence because the sinus beat can only reach the ventricle after an atrioventricular (A-V) delay. This is indeed an advantage of the concept of double 578 CIRCULATION DOUBLE VENTRICULAR PARASYSTOLE/Hiejima, Poh ventricular parasystole, as compared to single parasystole, in interpreting the finer mechanisms taking place at the ventricular level. In fact, one may speculate why an early sinus impulse in single parasystole never has the same discharging and resetting effect as does an extraneous ventricular impulse -probably the delay in A-V junction does not permit the sinus impulse to reach the parasystolic pacemaker early enough -and perhaps this is the reason why the phenomenon observed in double ventricular parasystole is unlikely to occur in single parasystole. In Steffens' case,6 which was actually a double ventricular parasystole (one artificial), the interrupting beat leading to an intermittency of spontaneous ventricular parasystole was a sinus capture beat. In his figure 2 one can further see that the P wave of the sinus capture beat occurred early in diastole -the period we found most likely to coincide with supernormal phase of the preceding spontaneous parasystolic beat. However, it was the ventricular activation (QRS) of the sinus capture beat that caused a temporary loss of the entrance block as well as depolarization of the parasystolic focus. Hence, it is obvious that the moment at which the entrance block was lost did not correspond with the supernormal phase of the preceding parasystolic beat. A measurement of the time interval between the interrupting QRS (sinus capture beat) and the preceding parasystolic beat was 0.76 second -an interval corresponding to the "zone of susceptibility" which was clarified by Cohen, Langendorf and Pick as a period during which supraventricular beats can discharge the parasystolic focus.24 In a strict sense, therefore, our case appears to be the first report, as far as we could ascertain from the literature, that can possibly establish the effect of supernormal phase of conduction as one mechanism of intermittent ventricular parasystole.
Effect ofDrugs
In ventricular parasystole, anticholinergics or carotid sinus stimulations can at times alter the rhythm or abolish protective mechanisms'143' 31 No such changes were observed in our case during atropine administration or vagal stimulation. On the other hand, the effect of lidocaine was of interest. The first i.v. bolus injection of lidocaine, 100 mg, suppressed the appearance of R2 completely and there was a marked decrease in the appearance of R1. A discharge rate of R 1 also decreased from 45 beats/min to 35 beats/min one minute after the injection. In addition, a rather marked variation of R1-Rl interval as demonstrated by an increase of standard deviation (table 2) accompanied the above changes. These changes were observed up to seven to ten minutes after the bolus injection, but once the i.v. drip infusion in the usual manner was established almost all the features of the pre-lidocaine stage were restored. The R2, after its reappearance, showed a slight increase in the discharging rate which was coincident with a slight increase of sinus rate. Implicit in these findings are 1) a therapeutic dose of lidocaine exhibited a depressant effect on parasystolic activities, 2) such a depressant effect was only confirmed during a short period of time after the injection, that is, when the plasma concentration of lidocaine was over 30 gg/ml (initial high plasma lidocaine level),36' 37 but disappeared by the time when the i.v. drip infusion was established (plasma concentration of lidocaine in a range of 2-5 ,g/ml),38' 39 and 3) one may therefore state that the depressant effect of lidocaine was concentration-dependent.
It appears that lidocaine exhibited a direct depressant effect38 on parasystolic pacemakers. Although a concomitant effect on the conductivity of the myocardium surrounding the ectopic foci (increased degree of exit block) cannot be excluded, it was unlikely in our case since there had been no indication of exit block with the R2 throughout the period of observation.
Obviously, the R1 focus was more resistant to lidocaine than the R2. We believe that the R 1 had been more stable than the R2 from the very outset. Probably, the Rl had been primarily better protected than the R2 or an idioventricular ectopic focus with a slow discharging rate such as R2 had been destined to be unstable."
Clinical Implication Double or multiple ventricular parasystole is said to be usually associated with advanced organic heart disease.", 2'4 16 Our case also presented with a severe congestive heart failure throughout the period when double ventricular parasystole was manifest.
Because of the concurrent discharges of two or more independent ventricular ectopic pacemakers, the occurrence of dangerous ventricular arrhythmias is a theoretical possibility. The repeated occurrence of ventricular fibrillation as a result of the use of two artificial cardiac pacemakers gives us a serious warning." In reality, however, there are now at least three survived cases,"'3including the case presented here, in which no ventricular fibrillation was documented. Furthermore, El-Sherif and Samet observed no electrical death in their six patients with multiple ventricular parasystole.4 These patients all succumbed to intractable congestive heart failure or cardiogenic shock. Perhaps by accumulation of more cases we will be able to testify whether or not an electrical death can occur in patients with multiple ventricular parasystole.
